. Purpose: Acute exercise transiently suppresses appetite, which coincides with alterations in appetite-regulatory hormone concentrations. Individual variability in these responses is suspected, but replicated trials are needed to quantify them robustly. We examined the reproducibility of appetite and appetite-regulatory hormone responses to acute exercise and quantified the individual differences in responses. Methods: Fifteen healthy, recreationally active men completed two control (60-min resting) and two exercise (60-min fasted treadmill running at 70% peak oxygen uptake) conditions in randomized sequences. Perceived appetite and circulating concentrations of acylated ghrelin and total peptide YY (PYY) were measured immediately before and after the interventions. Interindividual differences were explored by correlating the two sets of response differences between exercise and control conditions. Within-participant covariate-adjusted linear mixed models were used to quantify participant-condition interactions. Results: Compared with control, exercise suppressed mean acylated ghrelin concentrations and appetite perceptions (all ES = 0.62-1.47, P G 0.001) and elevated total PYY concentrations (ES = 1.49, P G 0.001). For all variables, the standard deviation of the change scores was substantially greater in the exercise versus control conditions. Moderate-to-large positive correlations were observed between the two sets of control-adjusted exercise responses for all variables (r = 0.54-0.82, P e 0.036). After adjusting for baseline measurements, participant-condition interactions were present for all variables (P e 0.053). Conclusions: Our replicated crossover study allowed, for the first time, the interaction between participant and acute exercise response in appetite parameters to be quantified. Even after adjustment for individual baseline measurements, participants demonstrated individual differences in perceived appetite and hormone responses to acute exercise bouts beyond any random within-subject variability over time.
U
nderstanding the relationship between exercise and appetite control has direct implications regarding the role of exercise in regulating energy homeostasis and weight control (1, 2) . It is well documented that circulating concentrations of acylated ghrelin are suppressed, and satiety hormones, most notably peptide YY (PYY), are elevated in response to acute bouts of moderate-to high-intensity exercise (3) . These hormonal fluctuations coincide with a transient reduction in appetite during and immediately after exercise without stimulating compensatory increases in appetite and ad libitum energy intake in the short term (4, 5) .
The notion of interindividual variability in response to an intervention, within the context of ''personalized'' or ''precision'' medicine, continues to attract significant scientific attention (6) (7) (8) . Although the majority of researchers have focused on main effects and mean group changes, some investigators have attempted to quantify the individual variability in appetite and energy intake responses to acute (9) (10) (11) and chronic (12, 13) exercise interventions. Some researchers have classified individuals as ''compensators'' or ''noncompensators'' according to the individual magnitude and direction of change in energy intake they observed after exercise (9, 10) . Although the important issue of interindividual variability has been considered in exercise and appetite regulation studies, recent evidence has recognized that the methodological and statistical approaches for such investigations are challenging and often lacking in some cases (6, 14, 15) .
One approach to quantifying ''true'' individual responses is via the participant-response interaction term in a statistical model, which requires replicated intervention and comparator arms with sufficient washout (16, 17) . Previous researchers have reported intraclass coefficients to support claims that pre-to-post changes in ad libitum energy intake in response to acute exercise are not consistent within an individual over time (11, 18) . Interindividual variability in appetite and appetite-regulatory hormone responses to repeated acute exercise exposures are suspected; however, no published studies have confirmed this notion using robust designs (the replicated crossover) and appropriate statistical models.
Therefore, the aims of the present study were to examine the reproducibility of appetite, acylated ghrelin, and total PYY responses to acute exercise bouts and to quantify the magnitude of individual differences in responses using a replicated crossover design. Recent insights have provided a framework for the accurate statistical analyses to quantify true interindividual variability in exercise responses using the standard deviation (SD) of the change scores and participant-response interaction (6, (14) (15) (16) (17) . Using these approaches, it was hypothesized that exercise-induced changes in subjective and hormonal appetite parameters would be reproducible on repeated occasions, and true interindividual variability in appetite responses to acute exercise bouts would be observed in healthy, recreationally active men.
METHODS

Ethical Approval
This study was conducted in accordance with the Declaration of Helsinki (2013), and all procedures were approved by the local ethics advisory committee. All participants provided written informed consent before taking part in any aspect of the study.
Participants
Fifteen healthy, recreationally active men (mean [SD] : age, 23 [3] yr; body mass, 81.9 [11.4] j1 Imin j1 ) participated in the study. The participants_ body mass was stable; e3 kg (e3.7%) change in the previous 3 months. Participants were nonsmokers, had no history of cardiovascular or metabolic disease, and were not dieting or taking any medications.
Preliminary Measurements
Before the main experimental conditions, participants attended the laboratory for a preliminary visit to complete screening questionnaires and to undergo familiarization, anthropometric measurements, and exercise testing. Specifically, participants completed questionnaires assessing health status, food preferences, habitual physical activity (International Physical Activity Questionnaire) (19) , and psychological eating tendencies (Three-Factor Eating Questionnaire) (20) . Height and body mass were quantified using an electronic measuring station (Seca, Hamburg, Germany). Waist circumference was measured at the narrowest point of the torso between the lower rib margin and the iliac crest. The sum of seven skinfolds was used to estimate body density (21) and body fat percentage (22) .
After familiarization with walking and running on the treadmill (Excite Med; Technogym, Cesena, Italy), participants completed two preliminary exercise tests. The first test involved a 16-min submaximal incremental treadmill protocol divided into 4 Â 4-min stages to determine the relationship between treadmill speed and oxygen consumption. The initial running speed was set between 8 and 12 kmIh j1 depending on each participant_s fitness level, and the treadmill speed was increased by 1 to 1.5 kmIh j1 at the start of each subsequent stage. Heart rate was monitored continuously using shortrange telemetry (Polar A3; Polar, Kempele, Finland), and ratings of perceived exertion (RPE) (23) were assessed at the end of each stage. Expired air samples were collected into Douglas bags in the final minute of each 4-min stage. Oxygen consumption and carbon dioxide production were determined using a paramagnetic oxygen analyser and an infrared carbon dioxide analyser (Servomex 1400; Servomex, East Sussex, UK), and the volume of expired air was quantified using a dry gas meter (Harvard Apparatus, Kent, UK).
After a 20-min standardized rest period, peak V O 2 was measured using an incremental uphill treadmill protocol at a constant speed until the participants reached volitional fatigue. The initial incline of the treadmill was set at 3.5% which was increased by 2.5% every 3 min (24) . Peak V O 2 was determined from an expired air sample collected in the final minute when participants indicated that they could only continue for an additional 1 min. Heart rate and RPE were monitored throughout the tests as described previously. Data from the 16-min submaximal incremental and peak V O 2 tests were used to determine the running speed required to elicit 70% of peak V O 2 during the experimental exercise conditions.
Experimental Design
In a replicated, crossover experimental design, participants were randomized to different sequences of four experimental conditions: two control and two exercise (17) . Each condition was separated by an interval of at least 5 d. Participants completed a weighed food record in the 24 h preceding the first experimental condition and were instructed to replicate this feeding pattern before each subsequent condition. Participants refrained from alcohol, caffeine, and strenuous physical activity during the same period. A standardized meal was consumed in the evening before the experimental conditions consisting of a pepperoni pizza (4891 kJ, 48% carbohydrate, 18% protein, 34% fat). Participants were instructed to consume the meal between 19:00 and 20:00, after which they consumed no food or drink except plain water until arriving at the laboratory the next morning.
Main Trials
Participants arrived at the laboratory at 08:00 having fasted overnight for a minimum of 12 h. A cannula (Venflon; Becton Dickinson, Helsingborg, Sweden) was inserted into an antecubital vein for venous blood sampling, and participants rested for 1 h (~08:00-09:00) to acclimatize to the study environment (25) . During both exercise conditions, participants then completed 60 min of fasted treadmill running at a speed predicted to elicit 70% of peak V O 2 . One minute expired air samples were collected and analyzed every 15 min, and the treadmill speed was adjusted if necessary during both exercise conditions to ensure the target exercise intensity was achieved. Heart rate was monitored continuously, and RPE was determined after each expired air sample was collected. The exercise energy expenditure and substrate utilization were subsequently estimated using the equations of Frayn (26) . Identical procedures were completed during both control conditions except participants rested within the laboratory for the equivalent duration.
Appetite Perceptions
Ratings of perceived appetite (hunger, satisfaction, fullness, and prospective food consumption [PFC]) were assessed immediately before (0 h) and after (1 h) the exercise and control interventions using 100 mm visual analogue scales (27) . The scales were anchored by a descriptor at each end defining the extremes of the appetite perception being measured.
Blood Sampling and Biochemical Analysis
Blood samples were collected in the semisupine position immediately before (0 h) and after (1 h) the exercise and control interventions for the assessment of plasma acylated ghrelin and total PYY concentrations. Plasma acylated ghrelin concentrations were quantified from venous blood samples collected into prechilled 4.9 mL EDTA monovettes (Sarstedt, Leicester, UK). These monovettes contained p-hydroxymercuribenzoic acid to prevent the degradation of acylated ghrelin by protease and were centrifuged at 2383g for 10 min at 4-C (Burkard, Hertfordshire, UK). The plasma supernatant was aliquoted into a storage tube, and 100 KL of 1 M hydrochloric acid was added per milliliter of plasma. Samples were recentrifuged at 2383g for 5 min at 4-C before being transferred into Eppendorf tubes and stored at j80-C for later analysis. Venous blood samples for plasma total PYY were collected into prechilled 4.9 mL EDTA monovettes (Sarstedt, Leicester, UK) and centrifuged at 2383g for 10 min at 4-C before storage at j80-C. Measurements of hemoglobin and hematocrit were determined in duplicate at 0 and 1 h in all conditions to calculate the acute change in plasma volume (28) .
Commercially available enzyme immunoassays were used to determine the plasma concentrations of acylated ghrelin (SPI Bio, Montigny-le-Bretonneux, France) and total PYY (Millipore, Watford, UK). All samples were analyzed in duplicate. To eliminate interassay variation, samples for each participant were analyzed in the same run. The within-batch coefficients of variation for acylated ghrelin and total PYY concentrations were 4.1% and 3.6%, respectively.
Statistical Analyses
Data were analyzed using the IBM SPSS Statistics software for Windows version 23.0 (IBM Corporation, New York, NY) and the PROC MIXED procedure in SAS OnDemand for Academics (https://www.sas.com/en_us/software/on-demand-foracademics.html). The presence of interindividual differences in acylated ghrelin, total PYY, and perceived appetite responses to acute exercise bouts were examined according to three recently reported analytical approaches (6, 16, 17) :
(i) Pearson_s correlation coefficients were quantified between the exercise and control pre-to-post (0-1 h) change scores for each appetite parameter on the two occasions (17) . The first exercise bout in any participant_s sequence was paired to the first control bout in the same individual_s sequence. Differences between these trials were correlated with the second exercise-control condition differences in the participant_s trial sequence. Thresholds of 0.1, 0.3, and 0.5 were used to define small, moderate, and large correlation coefficients, respectively (29) . (ii) The difference in SDs of the pre-to-post changes between the exercise and control conditions was calculated to represent the true individual response SD using the following equation:
where SD R is the SD of the true individual response to the exercise conditions and SD E and SD C are the SDs of the pre-to-post change scores for the exercise and control conditions, respectively (6, 15) . This estimation of the true SD for individual differences in response should be considered a ''naive estimation'' because important aspects of the experimental design, for example, period effects, are not included. Therefore, a modeling approach to this estimation was also adopted (see iii below).
(iii) A within-participant linear mixed model was formulated to quantify any participant-condition interaction for each appetite parameter. Condition and period (sequence) were initially modeled as fixed effects. Senn et al. raised the question of whether the participant and participantcondition interaction terms should be modeled as fixed or random effects (16) . Differences between these modeling approaches may exist depending on the distribution of the participant factor and the magnitude of the treatment (exercise effect). Our sample was, in clinical trial terms, relatively small, and we expected the general effects of exercise to be substantial. Therefore, we modeled our data with participant and participant-condition terms as both fixed and random effects and compared these results as a sensitivity analysis. When the participant-condition interaction was considered as a random effect, we used the SAS code supplied by Senn et al. with a modification designed to derive the true individual response variance (also estimated by approach ii) (16 It is also relevant to explore the extent to which an individual_s response depends on their status at baseline (6) . Therefore, baseline status of the dependent variable was added to the various linear mixed models as a covariate. The mean differences between conditions were also quantified with this same statistical model.
We found that correction of appetite hormone concentrations for acute changes in plasma volume had a negligible influence on our findings. Therefore, the unadjusted plasma concentrations are displayed for simplicity. Absolute standardized effect sizes (ES) were calculated, with a standardized ES of 0.2 denoting the minimum important mean difference for all outcomes, 0.5 denoting moderate, and 0.8 denoting large (29) . To calculate the minimal clinically important difference (MCID) for individual responses, the threshold of 0.2 for interpreting standardized mean changes (29) was halved, that is, 0.1, and multiplied by the baseline between-subject SD (6, 15) . Pearson correlation coefficients were quantified between the pooled mean pre-to-post change in appetite-regulatory hormone concentrations and the pooled mean pre-to-post change in appetite perceptions across the four conditions. Data are described as mean (SD). Mean differences and correlation coefficients are presented along with respective 95% confidence intervals (95% CIs). P values are expressed in exact terms apart for very low values, which are expressed as P G 0.001, and statistical significance was accepted as P G 0.05.
RESULTS
Treadmill Exercise Responses
Treadmill exercise responses are displayed in Table 1 . No statistically significant or practically important differences were observed in any of the treadmill exercise responses between the two exercise sessions (P Q 0.13).
Acylated Ghrelin
A moderate positive correlation of 0.57 (95% CI, 0.08-0.84; P = 0.025) was observed between the two sets of control-adjusted exercise responses for acylated ghrelin (Fig. 1A) . (Table 2) . Baselineadjusted linear mixed models for acylated ghrelin concentrations revealed a significant main effect of condition (P G 0.001) and a significant participant-condition interaction (P G 0.001). The mean acylated ghrelin concentration was 51 pgImL j1 lower (95% CI, j59 to j43 pgImL j1 ; ES = 0.62) in the exercise versus control conditions. The magnitude of change in individual replicated mean responses after exercise for acylated ghrelin ranged from j141 to j9 pgImL j1 , with 100% (n = 15) of participants demonstrating a suppression beyond the MCID (T8.20 pgImL j1 ) (Fig. 1B) .
Total PYY
A small positive correlation of 0.27 (95% CI, j0.28 to 0.69; P = 0.339) was observed between the two sets of control-adjusted exercise responses for total PYY (Fig. 2A) . Based on the recommendations of Hopkins et al., an outlier was identified who exhibited a PYY response greater than 3.5 residual SDs from the mean predicted value (30) . After removal of the outlier, the correlation for total PYY increased to 0.71 and became significant (95% CI, 0.31-0.90; P = 0.003) (Fig. 2B) . The within-trial SD for total PYY was substantially greater for the exercise than control conditions (Table 2) . Baseline-adjusted linear mixed models for total PYY concentrations revealed a significant main effect of condition (P G 0.001) and a significant participant-condition interaction (P = 0.012). The mean total PYY concentration was 56 pgImL j1 higher (95% CI, 44-68 pgImL
j1
; ES = 1.49) in the exercise versus control conditions. The magnitude of change in individual replicated mean responses after exercise for total PYY ranged from 3 to 112 pgImL j1 , with 93% (n = 14) of participants demonstrating an increase beyond the MCID (T3.75 pgImL j1 ) (Fig. 2C ).
Appetite Ratings
Moderate-to-large positive correlations were observed between the two sets of control-adjusted exercise responses for hunger (r = 0.82; 95% CI, 0.53-0.94; P G 0.001), satisfaction (r = 0.74; 95% CI, 0.37-0.91; P = 0.002), fullness (r = 0.55; 95% CI, 0.05-0.83; P = 0.035), and PFC (r = 0.54; 95% CI, 0.04-0.82; P = 0.036) (Fig. 3) . The within-trial SD was substantially greater for the exercise than control conditions for hunger, satisfaction, fullness, and PFC (Table 2) . Values are mean (SD). *95% confidence interval for the mean absolute difference between exercise conditions. ES indicates standardized (to between-subjects SD) effect size.
Baseline-adjusted linear mixed models for all ratings of perceived appetite revealed a main effect of condition (P G 0.001) and participant-condition interactions (P e 0.053). The main effect of condition identified suppressed appetite in the exercise compared with control conditions. The mean ratings of hunger and PFC were 26 mm (95% CI, j29 to j22 mm; ES = 1.47) and 19 mm (95% CI, j25 to j13 mm; ES = 1.05) lower in the exercise versus control conditions, respectively. The mean ratings of satisfaction and fullness were 15 mm (95% CI, 11-20 mm; ES = 0.95) and 14 mm (95% CI, 8-21 mm; ES = 0.88) higher in the exercise versus control conditions, respectively. The magnitude of change in individual replicated mean responses after exercise ranged from j65 to 10 mm for hunger, j13 to 72 mm for satisfaction, j23 to 89 mm for fullness, and j96 to 7 mm for PFC. Ninety-three percent (n = 14) of participants demonstrated a response beyond the MCID for hunger (T1.76 mm; 13% above, 80% below) and satisfaction (T1.62 mm; 60% above, 33% below), 87% (n = 13) for fullness (T1.64 mm; 53% above, 33% below), and 100% (n = 15) for PFC (T1.82 mm; 33% above, 67% below) (Fig. 4) .
A sensitivity analysis with the participant factor entered into the statistical model as a random, rather than a fixed, effect also resulted in participant-condition interactions for all appetite parameters (Table 2 ; P = 0.013-0.077). 
DISCUSSION
The primary finding from our replicated crossover trial of appetite responses to exercise was that true interindividual variability exists in the appetite, acylated ghrelin, and total PYY responses to acute exercise bouts beyond any measurement error and random within-subject variability over time. A further finding was the moderate-to-large positive correlations observed between the exercise and control pre-to-post change scores on two occasions, indicating good reproducibility for exercise-induced changes in appetite parameters.
Our study supports previous literature by confirming the appetite-suppressing effect of acute exercise (3, 5) . In this regard, the grand mean changes at the sample level indicated a suppression of acylated ghrelin and perceived appetite and an increase in total PYY after the exercise session. The correlation coefficients quantified between the exercise and control pre-to-post change scores on the two pairs of conditions were positive, significant, and moderate-to-large for perceived appetite and acylated ghrelin. Although the correlation for total PYY was small and nonsignificant, closer examination of the change scores revealed that one participant presented two very opposite responses to exercise. Specifically, the change score between the first pair of trials indicated a suppression in total PYY (j34 pgImL j1 ), and the second pair of trials showed a very strong increase in total PYY (146 pgImL j1 ) ( Figs. 2A and C) . The reason for this disparity is unclear, and removal of this apparent outlier resulted in a larger correlation of similar magnitude to the other appetite-related outcomes measured in our study. Overall, responses to exercise were similar on repeated occasions, providing evidence to support the reproducibility of changes in appetite parameters after acute exercise.
Although no previous researchers have quantified the reproducibility of perceived appetite or appetite-regulatory hormone responses to acute exercise, the reproducibility of postexercise energy intake has received more attention (11, 18, 31) . Specifically, Laan et al. (31) reported good reproducibility for ad libitum energy intake after duplicate aerobic exercise, resistance exercise, and resting control conditions in young, active adults (31) . However, the difference in ad libitum energy intake between the exercise and control conditions was not calculated in the study by Laan et al. (31) . Therefore, it can be said that within-subject variations were not taken into account, and the possibility of the observed responses to exercise being exclusively due to measurement errors and random variability cannot be excluded (6, 15) . Although energy intake seems reproducible when considering repeated resting and exercise conditions in isolation (11, 31) , the reproducibility of the difference in ad libitum energy intake between exercise and control interventions appears low when assessed with the use of intraclass coefficients (11, 18) .
Alongside the good reproducibility of appetite responses to acute exercise, our data show that individuals differ in the general magnitude of this response (the mean of the replicated trials, Figs. 1B, 2C, and 4) . A statistically significant participant-condition interaction was observed for all appetite parameters, even after adjusting for baseline values. Although previous studies have reported individual variability in perceived appetite and energy intake responses to acute exercise in healthy (9) and overweight and obese women (10), this variability was estimated using a single pair of trials, that is, one control and one exercise condition. Repeated administrations of treatment in a crossover fashion with a comparator arm (control condition) are required to assess individual variability in response to short-term or acute interventions from the participant-condition interaction term (15) . We are not aware of previous studies assessing individual variability in appetite and appetiteregulatory hormone responses to acute exercise using a replicated crossover design and the statistical methods used in the present study. q where SD R is the SD of the true individual response, and SD E and SD C are the SDs of the pre-to-post change scores for the exercise and control conditions, respectively (6, 15) . Estimate 2: Individual differences SD estimated using a random effects statistical model based on Senn et al. (16) . The SD was derived from the SAS model participant-condition interaction term (as a random effect). The P value shown is also for this interaction term. SE, standard error; PYY, peptide YY. The SD of the change scores is a good indication of individual variability in the responses to an intervention. If the SD of the change scores does not differ substantially between control and intervention conditions, the change originated by the intervention could be explained by random within-subject variation and measurement error (6, 15) . The true individual response SD (using both estimates 1 and 2) was relatively large compared with the mean response for all appetite-related variables measured in this study (Table 2) . For example, although the mean unadjusted exercise response (versus control change) for acylated ghrelin was approximately 47 pgImL j1 , the true individual response SD was approximately T30 pgImL j1 (Table 2 ). This SD indicates the presence of substantial true interindividual differences in the acylated ghrelin response to exercise; this interpretation also applies to the other appetite parameters we assessed.
Furthermore, we also highlight that most participants showed appetite responses that exceeded the MCID we selected. Therefore, very few participants were identified as ''nonresponders,'' but some were ''very large responders,'' whereas others were ''small responders'' according to the magnitude of change in acylated ghrelin, total PYY, and appetite perceptions after single bouts of exercise (Figs. 1B,  2C, and 4) . Specifically, all participants demonstrated replicated mean responses beyond the MCID for circulating acylated ghrelin indicating an exercise-induced suppression of this hormone, and 93% of participants experienced an increase in circulating total PYY beyond the MCID. The direction of the replicated mean responses was more variable for the perceived appetite ratings. Of the participants that demonstrated replicated mean responses beyond the MCID, 53% to 80% of participants reported suppressed appetite after exercise (ie, lower hunger and PFC, higher satisfaction and fullness), whereas 13% to 33% of participants reported higher perceived appetite after exercise (ie, higher hunger and PFC, lower satisfaction and fullness).
Although some studies report concomitant changes in appetite-regulatory hormones and appetite perceptions in response to acute exercise at the group level (32, 33) , exercise-induced changes in these parameters do not always occur simultaneously (34) (35) (36) . The present study extends these findings by demonstrating that most participants exhibited corresponding exercise-induced changes in acylated ghrelin, total PYY, and appetite perceptions and is further supported by the meaningful positive relationships observed between the pre-to-post change in acylated ghrelin and the change in hunger and PFC. However, some participants demonstrated divergent subjective and hormonal appetite responses to exercise. It is well established that appetite regulation is a complex process involving the interaction of many physiological and psychological factors (1) . Therefore, perceived appetite in some participants could have been more strongly affected by other variables not assessed in the present study. In this regard, several other anorexigenic gut peptides are involved in the acute regulation of appetite including cholecystokinin, oxyntomodulin, pancreatic polypeptide, and glucagon-like peptide-1. Indeed, the absence of significant correlations between the pre-to-post change in total PYY and appetite perceptions may reflect the notion that PYY acts synergistically with these other satiety signals to suppress appetite. Furthermore, appetite control is influenced by a variety of nonhomeostatic factors such as neuronal responses, hedonic processes, and cognitive/behavioral cues (37) . Future studies should consider the aforementioned appetite parameters to provide a more holistic scientific understanding of the variability in appetite responses after acute exercise.
A potential source of variability in this study concerns the measurement of acylated ghrelin and total PYY concentrations from venous blood samples collected from an antecubital vein. Recent studies suggest that compared to arterialized blood, venous blood provides lower concentrations of glucagonlike peptide-1 (38) as well as lower glucose concentrations and higher insulin sensitivity (39) . Although limited evidence in patient populations suggests that fasting ghrelin concentrations are comparable between venous and arterialized blood (40, 41) , direct comparisons of acylated ghrelin and total PYY between arterialized and venous blood after exercise has not been investigated. Nevertheless, the findings of the present study are relevant to the wider exercise and appetite regulation literature where blood sampling from an antecubital vein is commonplace for quantifying appetiteregulatory hormone concentrations.
The strengths of our study include the replicated crossover design and the use of recently published robust statistical analyses for individual variability quantification. Moreover, the detailed standardization protocol followed by all participants during the 24 h preceding each laboratory visit and the precise replication of the exercise sessions add credibility to our results. However, it should be highlighted that http://www.acsm-msse.org our results cannot be generalized to other populations such as female subjects, overweight or obese, and older individuals who may present different results (42, 43) . It is also possible that different exercise modes, intensities, or session durations would elicit different responses (5, 34, 44) . Therefore, further research is needed to assess the reproducibility and individual variability of exercise-induced changes in appetite-regulatory hormones and appetite perceptions in other populations and with different exercise protocols. The publication of more studies investigating individual variability in appetite responses to exercise may stimulate the development of more efficient weight management strategies by determining whether an exercise intervention is likely to be beneficial, ineffective, or detrimental for different individuals. This information would help to identify individuals who may achieve more favorable appetite responses through alternative exercise and/or nutritional interventions, but further work is required to examine this chronically.
In conclusion, healthy, young men exhibited reproducible appetite responses to acute exercise, and true individual variability exists in acylated ghrelin, total PYY, and perceived appetite responses over and above any random within-subject variability and measurement error. Individual variability in appetite responses to acute exercise needs to be considered when interpreting study results so that misleading conclusions can be avoided.
